ABSTRACT -The measurement method used in this paper compares the power measurement on analog wattmeter and digital systems. One analyzes, in the first part, the metrological behavior of an electrodynamics wattmeter and in the second part one uses a multifunction measurement numerical method. This method uses tow Hall sensors and an electronic analog multiplication process to adapt the network voltage and current and also the power measurement. Via an interface board of the type CIGAL M23, one acquires directly the normalized power using a statistical measurement method which increases the accuracy. Using an 8255 timer, one measures the phase angle between the voltage and the current load. The intelligent system allows us to measure the phase angle, the active, reactive and apparent power and to identify the load type (inductive or capacitive one). A comparison in the active power was made between the electrodynamics wattmeter and the smart system. The measurement ranges of this power systems are: An input voltage of 220V and a maximum load current of 5A. The accuracy is less than 0.2%.
I. INTRODUCTION
The power measurement is an important element for the control, the assessment of energy consumption and identification of the electrical parameters of the load. Generally, one uses electrodynamics wattmeter [2] . These devices are widely used for electrodynamics measuring active power, and they have a class defined precision % 5 . 0 ≥ . The principle is based on the electrodynamics forces exerted on two windings. In fact, the multiplication operation is performed by an electromechanical system. ) (t v and ) (t i are respectively the network voltage and the current flow across the load such as: 
II. THE METROLOGICAL BEHAVIOR OF THE WATTEMETER
The choice of the wattmeter connection in the circuit will cause a problem for the measurement quality. Firstly, the choice of frequency is related to the inductance of the voltage coil. Indeed, according to the structure of the electrical coil, the current in the voltage circuit is phase shifted by an angle ψ relative to the voltage applied to its terminals.
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The new expression of the deviation m α is:
One puts: 
The systematic error introduced by the voltage coil under the frequency influence is: 
For the downstream circuit one has:
For the wattmeter connection one needs to know all the circuit parameters. Moreover, if the network voltage and the load are non-linear that means [8] : The measured power will depend on the angle n ψ and it will be wrong with the increase of the harmonic order n. This study shows that if ) (t v and ) (t i are sinusoidal, the wattmeter measured power will be described by the equation (2) . But, if they are not sinusoidal, the measurement power by electrodynamics wattmeter is wrong. In spite of their robustness, electrodynamics wattmeter can not guarantee accurate measurements because their bandwidth is limited, which makes it not possible to account for harmonics, higher order, created by nonlinear loads and their use is limited to low frequencies. With the evolution of digital electronics, current tendency is to replace analog devices with smart digital instruments to ensure better accuracy. The principle used is the multiplication of voltage and current through an analog multiplier and the acquisition or the digital multiplication of ) (t i and ) (t v . One can perform the auto calibration of the measurement system and correct systematic errors introduced by the analog circuits.
III. PRINCIPLE OF THE DIGITAL METHOD OF MEASUREMENT POWER
In this work, one uses a numerical intelligent measuring power system. One compares the results given by this smart system to those given by an electrodynamics wattmeter. The proposed method is a numerical integration one. The figure 3 chows the proposed structure of the intelligent system. 
IV. DIGITIZATION OF THE POWER
The signal ) (t v ui is applied to an acquisition channel. It is sampled and then processed by an intelligent system. The start of the acquisition measurement chain is provided by a frequency synchronization of the power source. The measured power during one period s T can be written as [8] :
with : e T : sampling period n : an integer number N : number of samples during the time s T . The measurement accuracy is reduced to the sampling frequency accuracy. Flow chart of the proposed power measurement procedure for single phase load.
VI. MEASUREMENT RESULTS a CALIBRATION OF THE CONCEIVED NUMERICAL MEASUREMENT SYSTEM
The numerical system is calibrated using a digital oscilloscope. The table I give the experiment calibration results. According to the measured results the linearity between the electrodynamics wattmeter and the numerical measurement system lies from 1% to 2% in the frequency range of the wattmeter. But if the frequency is more than 500Hz the linearity error will increase enormously this due to the change in the parameter of the wattmeter.
c ANALYSIS OF THE MEASUREMENT ERRORS
The measuring system can be modeled by using the structure of figure 8 [1 
Whether :
Where : q is the quantification step, : L the number of bits of the ADC, The parameters involved in the expression (25) are independent then one uses the error propagation method.
From expression (26), which gives the variance of the error, one determines the uncertainty due to the measurement system : accurate measurement because its bandwidth is limited to low frequency. Using the smart digital system, one can determine the active, reactive and apparent power one also determine the sign of the phase angle and the load parameters. The comparison of the measurement results between the electrodynamics wattmeter and the smart digital system shows that the advantages of the numerical measurement method is characterized by the improvement of the precision and the power measurement is carried out what ever the signal shape (linear or non linear load).
